
Lower Extremity Kinematics and Ground Reaction
Forces After Prophylactic Lace-Up Ankle Bracing

Lindsay J. DiStefano, MA, LAT, ATC*; Darin A. Padua, PhD, ATC*;
Cathleen N. Brown, PhD, LAT, ATC�; Kevin M. Guskiewicz, PhD, ATC, FACSM*

*University of North Carolina at Chapel Hill, Chapel Hill, NC; 3University of Georgia, Athens, GA

Context: Long-term effects of ankle bracing on lower
extremity kinematics and kinetics are unknown. Ankle motion
restriction may negatively affect the body’s ability to attenuate
ground reaction forces (GRFs).

Objective: To evaluate the immediate and long-term effects
of ankle bracing on lower extremity kinematics and GRFs during
a jump landing.

Design: Experimental mixed model (2 [group] 3 2 [brace] 3
2 [time]) with repeated measures.

Setting: Sports medicine research laboratory.
Patients or Other Participants: A total of 37 healthy

subjects were assigned randomly to either the intervention (n
5 11 men, 8 women; age 5 19.63 6 0.72 years, height 5
176.05 6 10.58 cm, mass 5 71.50 6 13.15 kg) or control group
(n 5 11 men, 7 women; age 5 19.94 6 1.44 years, height 5
179.15 6 8.81 cm, mass 5 74.10 6 10.33 kg).

Intervention(s): The intervention group wore braces on both
ankles and the control group did not wear braces during all
recreational activities for an 8-week period.

Main Outcome Measure(s): Initial ground contact angles,
maximum joint angles, time to reach maximum joint angles, and
joint range of motion for sagittal-plane knee and ankle motion

were measured during a jump-landing task. Peak vertical
GRF and the time to reach peak vertical GRF were assessed
also.

Results: While participants were wearing the brace, ankle
plantar flexion at initial ground contact (brace 5 356 6 136, no
brace 5 386 6 156, P 5 .024), maximum dorsiflexion (brace 5
216 6 76, no brace 5 226 6 66, P 5 .04), dorsiflexion range of
motion (brace 5 566 6 146, no brace 5 596 6 166, P 5 .001),
and knee flexion range of motion (brace 5 796 6 166, no brace
5 826 6 166, P 5 .036) decreased, whereas knee flexion at
initial ground contact increased (brace 5 126 6 96, no brace 5
96 6 96, P 5 .0001). Wearing the brace for 8 weeks did not
affect any of the outcome measures, and the brace caused no
changes in vertical GRFs (P . .05).

Conclusions: Although ankle sagittal-plane motion was
restricted with the brace, knee flexion upon landing increased
and peak vertical GRF did not change. The type of lace-up
brace used in this study appeared to restrict ankle motion
without increasing knee extension or vertical GRFs and without
changing kinematics or kinetics over time.

Key Words: prophylactic braces, external ankle supports,
landings, injury prevention

Key Points

N Prolonged lace-up ankle brace use did not cause any changes in lower extremity kinematics or vertical ground reaction
forces.

N Ankle sagittal-plane motion was restricted and knee flexion at initial contact increased during a jump landing every time an
ankle brace was worn.

N Future researchers should evaluate if these findings are present with other types of external ankle supports and during
other functional tasks.

L
ateral ankle sprains are one of the most common
injuries in sports, resulting in high cost1 and much
time lost from normal activity.2,3 Verhagen et al3

observed that lateral ankle sprains accounted for 40% of all
volleyball injuries, whereas Messina et al4 reported that
30% of all injuries in high school basketball players
involved the ankle joint. In addition, the initial ankle-
sprain episode has been shown to be a strong predisposing
factor for recurrent ankle sprains, as well as chronic ankle
joint instability and degeneration.3,5 Therefore, preventing
the initial ankle sprain is essential.

One of the most common methods for preventing lateral
ankle sprains is the use of external support, such as ankle
taping or bracing. Prophylactic ankle bracing can decrease
the incidence of lateral ankle sprains.5,6 The primary
mechanism responsible for preventing ankle sprains is the

ability of braces to restrict ankle inversion and eversion
movements before landing from a jump.7 By controlling
these motions, the ankle remains in a neutral position in
the frontal plane during landing, thereby limiting stresses
placed on the ankle ligaments.7

External ankle supports are designed to restrict frontal-
plane motion in order to protect the ankle from injury;
however, some methods of support also limit ankle
sagittal-plane motion.8 During a jump landing, joint
motions begin distally and progress proximally in order
to dissipate energy.9,10 When normal motion or muscular
function around the ankle is restricted, the entire lower
extremity may be affected, and changes in normal
movement patterns may occur. Because ankle braces
restrict normal ankle motion, specifically ankle dorsiflex-
ion and plantar flexion, they may have a detrimental effect
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on the lower extremity’s ability to attenuate vertical ground
reaction forces (VGRFs) during landing.11,12 During a
jump landing, VGRFs as high as 6.2 times body weight
have been reported.13 Therefore, a reduced ability to
effectively dissipate force when landing from a jump may
increase the risk of other lower extremity injuries. If ankle
braces affect the ankle’s ability to reduce ground reaction
forces (GRFs), the effects also might be observed
proximally at the knee. Although GRFs are known to
stimulate bone repair and remodeling, excessive GRFs may
be associated with an increased risk of injury to structures
such as subchondral bone, cartilage, and soft tissue.9,14–17

The body’s primary methods of attenuating these forces are
through extensor and flexor moments about the hip, knee,
and ankle joints.14 A number of investigators credited
eccentrically controlled ankle dorsiflexion9,14,16–19 and knee
flexion movements13,14,16–19 with reducing GRFs during
landing.

Research11,12,20 investigating the effect of ankle bracing
during dynamic activities on lower extremity kinematics
and kinetics has been limited. These authors all examined
the immediate effects of ankle bracing; however, athletes
often wear ankle braces for extended periods of time and
may experience long-term effects. Clinicians and athletes
have expressed concern that wearing prophylactic ankle
braces for extended periods of time might weaken the
surrounding musculature or might alter landing mechanics.
One set of authors21 did find an increased reflexive
response in the peroneus longus muscle after volunteers
wore ankle braces for 8 weeks. To our knowledge, no
groups have examined the long-term effects of prophylactic
ankle bracing on lower extremity kinematics and VGRFs.
Therefore, our purpose was to investigate the effects of
immediate and prolonged prophylactic ankle bracing
during regular physical activity on ankle and knee
sagittal-plane motions and VGRFs during a jump-landing
task.

METHODS

Design

We used a randomized controlled design to compare the
effects of ankle bracing on sagittal-plane ankle and knee
kinematics and VGRFs. Three independent variables
assessed differences among 10 dependent variables. The
independent variables included group (brace or control:
between-subjects variable), test (pretest or posttest: within-
subjects variable), and brace condition (no brace or brace:
within-subjects variable). The 10 dependent variables were
joint angles at initial contact (6), maximum joint angles (6),
time to maximum joint angles (milliseconds), and joint
displacement (6) for knee and ankle sagittal-plane motion,
as well as peak VGRF (percentage of body weight) and
time to reach peak VGRF (milliseconds).

Participants

Forty-two recreational volleyball and basketball ath-
letes (22 men, 20 women; age range 5 18 to 22 years)
volunteered to participate in this study. We assigned
participants to either the intervention or control group
through random selection without replacement by sex and
sport. Random selection took place upon arrival at the

initial testing session, and a coin flip determined group
assignment.

Exclusion criteria included any recent (3 days of physical
activity lost within the past month) lower extremity injury,
any current symptoms of lower extremity injury, any
previous lower extremity surgery, or the use of external
ankle support on a regular basis before testing. Participants
were not permitted to use any type of ankle bracing or
taping for 3 months before testing in order to be eligible for
this study. All volunteers regularly took part in activities
that involved repetitive landings, such as basketball or
volleyball, for approximately 1 to 2 hours per day, 3 to 4
times per week.19

Inclusion criteria included having functionally stable
ankles with no history of a severe ankle sprain as well as no
subjective reports of instability, which was defined as
frequent ‘‘rolling’’ or ‘‘giving way.’’ An ankle sprain was
considered severe if the injury required a non–weight-
bearing period of 3 days and restricted physical activity for
at least 2 weeks.

Experimental Procedures

Participants reported to the research laboratory for 2
testing sessions. Upon arrival at the initial testing session,
all volunteers completed an informed consent form that
described the testing protocol, which was approved by the
institutional review board. During both testing sessions,
each participant wore a T-shirt, shorts, and his or her own
basketball or volleyball shoes. Participants wore their own
shoes versus standard shoes to control for the fact that
those in the intervention group wore their own shoes with
the ankle braces during the study.

Ankle and knee kinematic and VGRF data were
collected by an electromagnetic motion analysis system
(Flock of Birds; Ascension Technology Corp, Burlington,
VT) controlled by Motion Monitor data acquisition
computer software (version 7; Innovative Sports Training,
Inc, Chicago, IL) used for collection of kinematic data
from a nonconductive force plate (model 4060-NC, Bertec
Corp, Columbus, OH) during a standardized jump-landing

Figure 1. The jump-landing task.
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task (Figure 1). Participants were required to jump
forward from a 30-cm–high box to the force plate located
on the ground.22 The distance between the front of the box
and the front of the force plate was standardized for each
participant to half of measured body height. Participants
were instructed to land with the dominant foot in the center
of the force plate and the nondominant foot on the
carpeted area beside the force plate. As soon as the
participant landed, he or she was instructed to jump for
maximal height. The dominant leg was defined as the leg
used to kick a soccer ball for a maximal distance with the
greatest amount of force.

Instructions were then given to each participant regard-
ing the general nature of the jump-landing task (jump
forward from the box, land on the force plate, and jump up
for maximal vertical height), and the researcher demon-
strated the maneuver only once to minimize coaching
effects. The participants were instructed to perform the
jump-landing task in their preferred natural manner and
not to be influenced by the demonstration of the
investigator. Before any trials were recorded, each partic-
ipant had 3 to 5 trials to practice the jump-landing task.
The practice trials concluded when the participant correctly
performed the jump-landing task and appeared comfort-
able with the task.

All participants were tested in 2 conditions during both
testing sessions, with and without an ankle brace (Fig-
ure 2). The order of conditions was counterbalanced. For

each condition, 5 acceptable trials were performed, with a
30-second rest period between trials to minimize fatigue
effects. Trials were excluded if the participant did not land
properly with 1 foot completely on the force plate, jumped
vertically from the box instead of forward, or did not
perform the jump-landing task correctly.

The intervention group was required to wear the ASO
Ankle Brace (Medical Specialties Inc, Charlotte, NC) on
both ankles during all recreational activity for 8 weeks after
the first testing session. We chose the intervention period of
8 weeks based on previous research examining the effects of
long-term ankle bracing on peroneal longus muscle latency
over an 8-week intervention period.23 A group investigating
the effects of ankle disk training on functional instability
used a comparable intervention period.24

Compliance was maintained by weekly random checks at
the participants’ practices and self-report data. Participants
completed an activity diary in which they recorded the
week, number of activity days during the week, duration of
activities, whether or not they used the ankle brace, and
any lower extremity injury that may have occurred. A
participant in either group was excluded from the study if
he or she did not complete at least 2 days of activity per
week. Participants in the intervention group were excluded
from the study if they did not meet a compliance criterion
of wearing the ankle braces 80% of the time (approximately
20/24 practices). Participants in both groups reported for
testing before and after the 8-week period of ankle bracing.
The second testing session (posttest) occurred within
1 week of concluding the intervention period and consisted
of the same testing procedures as in the initial testing
session (pretest).

The ASO Ankle Brace is a lace-up ankle brace with nylon
straps that lock around the calcaneus, similar to heel locks in
ankle taping. The brace is made of a nylon material with an
elastic cuff closure. Each participant was fitted for the brace
according to the manufacturer’s guidelines based on shoe
size. Participants in the intervention group were instructed
on proper application of the ankle brace. Before each testing
session, the brace was applied to each participant by the same
certified athletic trainer according to the manufacturer’s
guidelines.

Data Collection, Reduction, and Processing

The electromagnetic motion analysis system controlled
by Motion Monitor data acquisition computer software
was used for collection of kinematic data. For the 3-
dimensional electromagnetic motion analysis system, the
manufacturer reported a linear accuracy of 0.75 cm and
angular accuracy of 0.56. The main component of the
motion analysis system is a standard-range direct-current
transmitter with 3 orthogonal coils that generate an
electromagnetic field. A standard-range transmitter pro-
duced electromagnetic changes in the field, which were
recorded by electromagnetic sensors sampling at 144 Hz.
These recordings were then transferred to a recording
computer through hard wiring. Kinetic data from the force
plate were synchronized, sampled at a rate of 1440 Hz, and
converted into GRF data through the data acquisition
computer software. The software processed the raw sensor
data, and a Butterworth fourth-order, low-pass digital
filter (zero phase lag) smoothed the data at a mean

Figure 2. The intervention group wore the ASO Ankle Brace

(Medical Specialties, Inc, Charlotte, NC) bilaterally during all

physical activity through the intervention period. The brace also

was worn bilaterally by all participants during both testing sessions.
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estimated optimum cutoff frequency of 14.5 Hz.25 The
VGRFs were normalized for body weight (N), and the data
were filtered with a fourth-order, low-pass Butterworth
filter set at 100 Hz.

Electromagnetic sensors were attached to the dorsum of
the foot (over the midshaft of the second and third
metatarsals), anterior shaft of the tibia, lateral aspect of the
femur, and base of the sacrum using double-sided tape and
elastic wrap to prevent motion artifact. After unlacing the
shoe, the tongue was pulled forward and fastened to the
top of the shoe with double-sided tape to expose the
dorsum of the foot to allow sensor placement. The shoe
was then relaced to ensure proper fit. This procedure was
performed to allow space for the sensor on the foot without
contacting the ASO Ankle Brace or affecting the support
provided by the shoe. The participants did not wear socks
in order to permit the sensors to be firmly attached directly
to the skin. The sensors on the tibia and femur were placed
over areas with minimal muscle and soft tissue mass to
minimize the effects of muscle contraction and skin
movement on the kinematics data.

After application of the electromagnetic sensors, the
participant’s dominant leg was digitized. The participants
stood in a neutral and relaxed position while we palpated
bony landmarks and digitized them with a movable sensor
attached to a wooden stylus. The digitized bony landmarks
included the most prominent portions of the medial and
lateral femoral condyles, medial and lateral malleoli, and
the distal tip of the second phalanx. The Leardini et al26

method was used to digitize the center of the hip joint. The
joint centers of the knee and ankle were defined as
centroids between the medial and lateral femoral condyles
and the medial and lateral malleoli, respectively. The
femoral segment was defined by the centroid between the
medial and lateral femoral condyles and the estimated hip
joint center. The tibial segment was defined by the
centroids of the knee and the ankle malleoli. The centroid
between the medial and lateral malleoli and the point at the
distal tip of the second phalange defined the foot segment.
After the electromagnetic motion analysis system was set
up, we recorded a static trial with the participant in a
neutral standing position. Kinematic and kinetic data were
reduced, and raw data were converted to the aligned
anatomical coordinate axes. To describe joint motions in

clinically relevant terms, joint motions were determined
through a joint-coordinate system.27

We determined ankle plantar flexion and knee flexion
angles at initial ground contact, maximum ankle and knee
joint angles during the stance phase, time to reach
maximum joint angles, and ankle and knee range of
motion between initial ground contact and maximum joint
angles. Initial ground contact was defined as the time the
VGRF exceeded 5 N during the jump landing, whereas toe-
off was defined as the moment when the VGRF dropped
below 5 N. Stance phase was defined as the period between
initial ground contact and toe-off. Kinetic data included
the peak VGRF recorded during the stance phase, as well
as the time to peak VGRF. The average for the 5 trials was
used for each of the kinematic and kinetic variables during
the jump-landing task. All processing was performed with
customized software in MATLAB (The Mathworks,
Natick, MA).

Statistical Analyses

We used a mixed-model, repeated-measures design with
1 between-subjects factor (control or intervention group)
and 2 within-subjects factors (brace or no-brace condition,
pretest or posttest). With a mixed-model multivariate
analysis of variance (MANOVA), we compared differences
between groups, testing times, and testing conditions for
several of the dependent variables (knee and ankle angles at
initial ground contact, maximum knee joint and ankle joint
angles, knee and ankle displacement, and time to reach
maximum knee joint and ankle joint angles). A second,
separate mixed-model MANOVA was used for the kinetic
dependent variables (peak VGRF and time to reach peak
VGRF). Separate univariate analyses of variance were
performed, if necessary, based on the results of the
multivariate analysis of variance, and a 2-tailed indepen-
dent t test compared participant demographics between
groups. All data were analyzed with SPSS (version 14;
SPSS Inc, Chicago, IL) with the a priori a level set at .05.

RESULTS

Of the original 42 recruited participants randomly
assigned to either the intervention (n 5 20) or control (n
5 22) group, 1 intervention group volunteer and 4 control

Table 1. Ankle Kinematicsa

Variable Group

Pretest Posttest

No Brace Brace No Brace Brace

Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD

Initial ground contact PF angle, 6 Control 37.8 6 13.8 34.4 6 13.3 41.2 6 10.6 37.2 6 9.7

Intervention 35.2 6 16.2 32.4 6 15.5 36.2 6 16.9 35.9 6 13.6

Peak joint DF angle, 6 Control 21.5 6 4.9 22.1 6 7.5 20.9 6 3.7 19.1 6 5.1

Intervention 22.1 6 6.8 20.4 6 4.4 22.4 6 8.3 20.9 6 9.4

Joint displacement, 6 Control 59.3 6 14.3 56.5 6 12.5 62.1 6 11.8 56.3 6 11.7

Intervention 57.3 6 18.3 52.8 6 17.1 58.6 6 17.7 56.8 6 15.1

Time to peak joint angle, ms Control 333.3 6 83.7 354.8 6 100.8 333.6 6 120.5 369.6 6 108.9

Intervention 326.2 6 87.0 295.0 6 87.7 340.3 6 106.4 330.7 6 79.3

Abbreviations: PF, plantar flexion; DF, dorsiflexion.
a A main effect for brace condition was observed for plantar flexion at initial contact (brace condition 5 356 6 136, no-brace condition 5 386 6 156; P

5 .02), maximum ankle dorsiflexion (brace condition 5 216 6 76, no-brace condition 5 226 6 66; P 5 .04), and ankle joint displacement (brace

condition 5 566 6 146, no-brace condition 5 596 6 166; P 5 .001).
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group volunteers were lost to follow-up. Participants were
excluded from the study either for failing to meet the
physical activity requirements of the study (2 control
participants) or due to an injury (1 intervention partici-
pant: skin irritation; 2 control participants: anterior
cruciate ligament sprain, tibial stress fracture) sustained
during physical activity outside of testing. No intervention
group participants were excluded from the study for failing
to meet the compliance criteria. Thus, the data from 19
intervention group subjects (11 men, 8 women; age 5 19.63
6 0.72 years, height 5 176.05 6 10.58 cm, mass 5 71.50 6
13.15 kg) and 18 control group participants (11 men, 7
women; age 5 19.94 6 1.44 years, height 5 179.15 6 8.81
cm, mass 5 74.10 6 10.33 kg) were used for data analyses.
No differences in age, height, or mass existed between
groups (P . .05).

Kinematics

Means and SDs for joint angles at initial ground contact,
peak joint angles, joint angle displacement, and time to
reach peak joint angle are presented for the ankle and knee
joints in Tables 1 and 2, respectively. No group-by-time-
by-brace (F6,29 5 1.20, Wilks L 5.77, P 5 .34, gp

2 5 .23),
group-by-time (F6,29 5 1.17, L 5 .77, P 5 .35, gp

2 5 .23) ,
group-by-brace (F6,29 5 2.09, L 5 .70, P 5 .09, gp

2 5 .30),
or brace-by-time (F6,29 5 1.07, L 5 .79, P 5 .41, gp

2 5 .21)
interactions were observed with the MANOVA. A main
effect for the brace condition was noted (F6,29 5 5.27, L 5
.48, P 5 .001, gp

2 5 .52), but no other main effects were
significant (time: F6,29 5 1.53, L 5 .72, P 5 .20, gp

2 5 .28;
group: F6,29 5 .45, L 5 .92, P 5 .84, gp

2 5 .08).
With post hoc univariate analyses of variance, we

compared differences between these variables based on the
main effect for brace condition demonstrated by the
MANOVA. We observed a difference in knee flexion angle
at initial ground contact between the brace and no-brace
conditions (brace condition 5 126 6 96, no-brace condition
5 96 6 96; F1,34 5 18.36, P 5 .0001, gp

2 5 .35; Figure 3).
Overall, participants demonstrated greater knee flexion at
initial ground contact during the brace condition compared
with the no-brace condition. Also, a decrease was seen in
knee flexion joint displacement in the brace condition
compared with the no-brace condition (brace condition 5
796 6 166, no-brace condition 5 826 6 166; F1,34 5 4.75, P
5 .04, gp

2 5 .12). No differences existed between brace
conditions for knee flexion maximum angle (F1,34 5 .03, P 5
.86, gp

2 5 .001) or time to reach maximum knee flexion
(F1,34 5 3.27, P 5 .08, gp

2 5 .09).
We also observed a difference in ankle plantar flexion at

initial contact (brace condition 5 356 6 136, no-brace
condition 5 386 6 156; F1,34 5 5.59, P 5 .02, gp

2 5 .14),
maximum ankle dorsiflexion (brace condition 5 216 6 76,
no-brace condition 5 226 6 66; F1,34 5 4.54, P 5 .04, gp

2

5 .12), and ankle dorsiflexion range of motion (brace
condition 5 566 6 146, no-brace condition 5 596 6 166;
F1,34 5 13.15, P 5 .001, gp

2 5 .28) between the brace
conditions (Figure 4). No differences existed between brace
conditions for the time to reach maximum ankle dorsiflex-
ion (F1,34 5 1.19, P 5 .66, gp

2 5 .006). Overall, individuals
demonstrated reduced ankle sagittal-plane motion while
wearing the ankle brace in comparison with the no-brace
condition.

The only significant ankle and knee kinematic findings
involved main effects for the ankle brace condition. Thus,
ankle and knee kinematics were not affected after wearing
an ankle brace for 8 weeks. The changes observed occurred
with all participants every time an ankle brace was worn
during both testing sessions.

Kinetics

Means and SDs for the peak VGRF and the time to
reach the peak VGRF during the jump-landing task are
presented in Table 3. No group-by-time-by-brace (F2,33 5
.165, L 5 .99, P 5 .85, gp

2 5 .01), group-by-time (F2,33 5
.09, L 5 .99, P 5 .92, gp

2 5 .01) , group-by-brace (F2,33 5
.79, L 5 .95, P 5 .46, gp

2 5 .05), or brace-by-time (F2,33 5
.33, L 5 .98, P 5 .72, gp

2 5 .02) interactions or main
effects (group: F2,33 5 .39, L 5 .98, P 5 .68, gp

2 5 .02;

Table 2. Knee Kinematicsa

Variable Group

Pretest Posttest

No Brace Brace No Brace Brace

Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD

Initial ground contact angle, 6 Control 10.8 6 8.0 12.4 6 8.1 8.2 6 5.2 9.7 6 6.8

Intervention 10.6 6 8.3 12.7 6 8.9 8.3 6 12.5 11.7 6 11.3

Peak joint angle, 6 Control 90.9 6 18.0 90.7 6 18.4 89.2 6 14.4 90.8 6 16.0

Intervention 93.3 6 16.9 91.5 6 14.6 91.2 6 16.8 90.9 6 14.6

Joint displacement, 6 Control 80.1 6 15.4 78.3 6 15.4 81.0 6 14.2 81.1 6 17.3

Intervention 82.7 6 17.9 78.8 6 15.5 82.9 6 16.1 79.2 6 15.6

Time to peak joint angle, ms Control 311.1 6 60.7 306.9 6 60.8 282.2 6 73.1 306.9 6 66.1

Intervention 277.3 6 61.7 290.8 6 55.7 291.1 6 67.7 299.6 6 55.5

a A main effect for brace condition was observed for knee flexion angle at initial ground contact (brace condition 5 126 6 96, no-brace condition 5 96

6 96; P 5 .0001) and knee flexion joint displacement (brace condition 5 796 6 166, no-brace condition 5 826 6 166; P 5 .036).

Figure 3. Knee flexion at initial ground contact during brace and

no-brace conditions. a The no-brace condition resulted in less

knee flexion at initial ground contact (condition main effect).
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time: F2,33 5 .41, L 5 .98, P 5 .67, gp
2 5 .02; brace: F2,33

5 1.14, L 5 .94, P 5 .33, gp
2 5 .06) were observed with the

MANOVA. Therefore, the peak VGRF and the rate at
which this force occurred were similar between groups in
both the brace and no-brace conditions and during both
testing sessions.

DISCUSSION

Our most important finding was that prophylactic ankle
bracing effectively limited sagittal-plane ankle motion, but
VGRF was not affected, perhaps due to increases in knee
flexion angle at initial contact when performing a jump-
landing task. Although immediate changes occurred due to
the ankle brace, no chronic alterations in knee and ankle
kinematics or VGRFs were noted after wearing a prophy-
lactic ankle brace for 8 weeks. The changes observed
occurred with all participants each time an ankle brace was
worn during both testing sessions.

Ankle brace use for an extended period of time, such as
during an entire sport season, has been hypothesized to
cause detrimental effects to the ankle musculature, ankle
range of motion, and landing mechanics. Findings of
previous authors21,23 examining the effect of long-term
ankle brace use on peroneous longus muscle activity have
not supported this notion. Cordova et al23 found no change
in peroneus longus muscle latency after an 8-week period
of ankle bracing, whereas Cordova and Ingersoll21

demonstrated increases in peroneus longus muscle reflex
amplitude after a similar intervention. Our results agree

with these previous results, because sagittal-plane knee and
ankle kinematics and VGRFs did not change after an
intervention period of wearing an ankle brace for 8 weeks.
These results add to the current literature supporting
prophylactic ankle brace use during a season.

Prophylactic ankle braces are used as a preventive
measure to reduce ankle injuries during athletics5,6 and
commonly are worn throughout an entire season. Howev-
er, most authors of previous studies on ankle braces have
only examined the immediate effects of wearing an ankle
brace. In these short-term studies, researchers were not able
to evaluate any breakdown in the mechanical properties of
an ankle brace or if a person became accustomed to
wearing the ankle brace and developed compensatory
movement patterns. To our knowledge, we are the first to
investigate the effects of prolonged ankle brace use on
lower extremity kinematics and kinetics. The main effect
for ankle brace condition on knee and ankle kinematics
indicates that reductions in ankle dorsiflexion range of
motion and increases in knee flexion angle at initial contact
were only present when the participants were wearing the
ankle brace. The lack of a brace-by-time interaction
indicates that wearing the ankle brace for 8 weeks during
physical activity did not affect these variables. Thus, any
change that may have occurred in the ankle brace’s
mechanical stiffness over time did not seem to affect the
ankle joint restrictions or landing patterns.

In a meta-analysis, Cordova et al8 showed that ankle
braces can effectively restrict ankle motions. The authors
of most of the studies in this meta-analysis investigated
passive ankle motions and not the effects of ankle braces
during functional tasks. Our findings agree with and extend
the previous research investigating the influence of ankle
braces on ankle motion, because we observed decreased
ankle plantar flexion upon landing and reduced sagittal-
plane motion throughout the jump-landing task when
participants wore the ankle brace.8,11 Although ankle
braces are designed to prevent excessive frontal-plane
motion or to maintain the ankle in a neutral position
before landing,7,28 our findings demonstrate that ankle
braces effectively limited sagittal-plane ankle motion as
well. The mechanism of injury for lateral ankle sprains is
described as a combination of inversion, plantar flexion,
and internal rotation.29 Therefore, the ankle brace’s ability
to limit sagittal-plane ankle motion may protect the ankle
from these potentially hazardous positions, thus reducing
the risk of lateral ankle sprains when wearing the ankle
brace.

Restricting sagittal-plane ankle movement when wearing
an ankle brace may help to prevent lateral ankle sprains,
but ankle dorsiflexion motion is one of the primary ways in

Figure 4. Sagittal-plane ankle-joint motion during brace and no-

brace conditions. a The brace condition resulted in less plantar

flexion at initial contact, less maximum dorsiflexion, and less total

joint displacement (condition main effect).

Table 3. Kinetic Dataa

Variable Group

Pretest Posttest

No Brace Brace No Brace Brace

Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD

Peak vertical ground reaction

force, N/kg

Control 3.0 6 1.1 3.1 6 1.0 3.1 6 1.0 3.2 6 1.1

Intervention 3.0 6 1.4 3.2 6 1.7 3.2 6 1.3 3.2 6 1.3

Time to reach peak vertical

ground reaction force, ms

Control 38 6 12 37 6 17 39 6 16 41 6 19

Intervention 48 6 46 48 6 60 37 6 27 35 6 18

a No differences were observed.
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which GRFs are absorbed and dissipated when landing
from a jump.14 By limiting ankle dorsiflexion during a
jump landing, the body’s center of mass may undergo less
downward displacement when contacting the ground and
may result in greater GRFs acting on the body. Due to this
relationship, we originally hypothesized that restricted
ankle dorsiflexion motion would impair the body’s ability
to absorb energy when landing from a jump and would
result in greater GRFs acting on the body. Increased GRFs
due to ankle braces may increase the risk for other lower
extremity injuries and might provide a rationale for not
using ankle braces. Contrary to our original hypothesis, no
changes were noted in peak VGRF while participants wore
the ankle brace in this study. Thus, ankle braces did not
appear to affect VGRF magnitude; however, it is not clear
if lower extremity joint loading was affected by use of the
ankle braces, because we did not measure joint reaction
forces or moments during landing.

Our finding that VGRF was not affected by ankle
bracing is in agreement with the findings of Hopper et al, 20

who investigated the effects of ankle bracing on VGRFs
assessed during a single-leg landing. Riemann et al12 also
reported no change in VGRF with the use of an ankle
brace; however, the time to maximum force decreased
during a brace condition, contradicting our findings. The
disagreement between our results and this study may be
due to the use of a different type of ankle brace and task
performed.

Our most surprising result was the finding of in-
creased knee flexion angle at initial contact when wearing
the ankle brace. We believe that greater knee flexion when
wearing the ankle brace offset the restrictions in ankle
motion and allowed the VGRF to remain consistent
between the brace and no-brace conditions. In addition
to the ankle, knee flexion plays an important role in the
body’s ability to absorb energy during landing, because
downward displacement of the body’s center of mass is
increased with greater knee flexion; according to the work-
energy relationship, this should reduce the force acting on
the body. Several authors14,17,18 have demonstrated an
inverse relationship between knee flexion and VGRF. In
our study, the knee appeared to compensate with more
knee flexion at initial contact because ankle motion was
reduced due to the ankle brace, thereby potentially keeping
the magnitude and rate of VGRF relatively constant.
Although knee flexion displacement (peak flexion to initial
contact knee flexion) was reduced when the participants
wore the ankle brace, peak knee flexion angle was
unchanged. Therefore, the decrease in knee flexion
displacement was most likely due to increased knee flexion
upon landing and not different knee flexion amounts
during the stance phase.

Benefits to wearing an ankle brace in terms of
influencing anterior tibial shear force may be associated
with our findings of increased knee flexion upon landing
when wearing an ankle brace. Researchers have shown that
knee flexion angle influences the magnitude of anterior
tibial shear force acting at the knee. Decreased knee flexion
angle results in a larger patellar tendon–tibial shaft angle,
which results in greater anterior shear force during
quadriceps muscle contraction.30 Also, the ability of the
hamstrings muscles to offset anterior tibial shear forces is
minimized when the knee is in a less-flexed position, thus

compromising the dynamic stability provided by the
hamstrings. Recent research by Yu et al31 indicates an
inverse relationship between knee flexion angle and
anterior tibial shear force magnitude, because individuals
landing with less knee flexion experienced greater anterior
tibial shear force. Considering that VGRFs were not
affected with the wearing of an ankle brace, it is reasonable
to suggest that increased knee flexion angle when wearing
an ankle brace may result in less anterior tibial shear force
at the knee. Future research is necessary to investigate the
effect of ankle bracing on anterior tibial shear force during
jump landings.

Limitations and Future Research

A limitation of this study is that only a single type of
brace was employed for all testing and interventions. Thus,
the results are limited to the ASO Ankle Brace that uses a
lace-up design with a locking strap configuration. We
chose this brace because it is a common prophylactic ankle
brace and is considered to be comfortable, with no rigid
supports. These factors may increase compliance with
wearing an ankle brace. In addition, Cordova et al8

reported differences between this type of ankle brace and
other semirigid braces in ankle sagittal-plane motion
restriction. Therefore, we hypothesized that any changes
in sagittal-plane motion would more likely be seen using a
lace-up with strap configuration ankle brace than a
semirigid brace.

Future investigation is needed to learn if the changes we
observed also occur in other functional tasks, such as
cutting maneuvers. In addition, more information about
the effects of ankle bracing on muscle activity and muscle
strength would be beneficial.

Clinical Significance

In conclusion, our results indicate that VGRFs were not
increased by the immediate application of an ankle brace
or after 8 weeks of wearing an ankle brace. Thus, potential
loading consequences should not prohibit clinicians from
using ankle braces as a preventive measure for ankle injury.
Furthermore, our results suggest that prophylactic ankle
bracing may have benefits in reducing forces at the knee
joint by increasing knee flexion angle during landing. Only
a small amount of knee flexion occurs at initial contact (86

to 156) during a jump-landing task; therefore, a 26 or 36
change is a large percentage (13% to 25%) of the total
motion. The altered knee and ankle motions only changed
by a few degrees due to the ankle brace, but whether this
degree of movement is clinically significant is unknown and
should be further investigated.
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